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The detailed structure of stilbene has recently been described (Robertson and Woodward 1937) and a theoretical discussion of the resonance problem in th a t type of molecule is now given by Penney and Kynch (1938) .
The crystal symmetry and dimensions of a number of compounds are closely similar to those of stilbene, and it is possible to make use of this isomorphism to carry out a very direct analysis of these other structures. In X-ray analysis it is generally necessary in the first place to assume some model for the structure and then adjust the parameters by a process of trial and error until a fair measure of agreement is obtained between the calculated and the observed values of the structure amplitudes. Subsequent refinement of the param eter values can then be attained by the application of Fourier series methods. W ith an isomorphous series of the present kind, however, when the structure of one member has been accurately determined, it is often possible to eliminate the first and most laborious part of the analysis for the other members, and proceed to the solution directly by the successive application of Fourier series methods.
This process has been applied in the present analysis of tolane. It is found th a t the intensities of the more outstanding X-ray reflections are similar to those of stilbene, but the agreement soon falls off when the higher orders are reached. A preliminary Fourier series was accordingly set up, with the stilbene phase constants, from which the terms corresponding to the weaker and rapidly changing reflections were omitted. The summation of this series gave a rough picture of the structure, from which the atomic positions could be estimated. A recalculation of the structure factors from this data then enabled a more complete series to be formed, and so the analysis was completed, without the use of any molecular model or assump tions derived from the chemistry of the compound. Details of the analysis, with co-ordinates, etc., are given in a later section.
T h e s t r u c t u r e o f t h e t o l a n e m o l e c u l e As in th e case of the stilbene structure, two separate tolane molecules make contributions to the asym m etric u n it of th e crystal, and the structures ' of these two molecules are deduced independently from th e X -ray data. Each of these molecules has a centre of sym m etry, a t (000) and (00^), and the un it cell is completed by two other molecules, a t (££0) and ( \ \ \ ) , derived from the first tw o by reflections in th e (010) plane, or, alternatively, by rotations of 180° about th e 6-axis, together w ith certain translations.
The final results of the X -ray analysis for th e tw o independent molecules are shown in th e electron density m aps of figs. 1 and 2, while fig. 3 shows th e way in which the molecules are grouped together in th e crystal. These are all projections of th e structure along th e 6-axis of th e crystal, th e direction which is found to give th e best resolution of th e individual atom s. The diagrams should be com pared w ith th e corresponding ones for stilbene (loc. cit.) and for dibenzyl (R obertson 1935a).
The particular interest of th e tolane structure lies in th e effect of the triple bond betw een the central pair of carbon atom s. E ven a rough inspec tion of th e diagram s, especially fig. 2 , is sufficient to show th a t a strictly linear structure has now been imposed on the central p a rt of th e molecule. In dibenzyl, th e angle of the central zigzag was 109-112°, in stilbene (double bond) it was 128-133°, and in tolane it can now be shown to be w ithin 2° of 180°.
To obtain th e tru e dimensions of the molecules it is necessary first of all to calculate th eir orientation in the crystal, and reduce th e diagram s to norm al projections. This is done in the next section, b u t we m ay note here th a t as no other favourable projections of the structure can be made, th e interatom ic distance in the benzene ring is first assumed to have th e stan d ard value of 1*39 A, and the orientations are calculated from this assum ption. The results are th en checked, and the linear structure of the molecule con firmed, by calculating th e more im p o rtan t intensities in other zones of reflections from the coordinates obtained. The final results show th a t th e difference in appearance between molecules 1 and 2 is due to a slight difference in orientation, and not to any inherent difference in shape or dimensions. The single model which represents both molecules is shown in fig. 4 . F or the carbon-carbon triple bond distance we obtain the value 1*19 A, and for th e " single" bonds connecting these carbon atom s to the benzene rings we obtain th e unusually small value of 1*40 A. These figures are probably correct to w ithin 0-02 A. There does not appear to be any other X-ray work on compounds con taining a triple carbon-carbon bond, but the dimensions of the acetylene molecule have been determined very accurately by the analysis of band spectra (Mecke 1930; Herzberg, P atat and Spinks 1934) , and the value obtained for the triple bond distance is 1*199 A, in good agreement with our result. We might, however, have expected the tolane triple bond distance to be a little greater than the acetylene value, on account of the contribution which excited structures, w ith a double bond between the central carbon atoms, m ust make to the norm al state of the molecule. Instead, our value is less, if anything, th an th a t obtained for acetylene. I t should be noted th a t the distance in acetylene, obtained from the m om ent of inertia, gives accurately the distance between the carbon nuclei; whereas the X -ray method deals essentially w ith the electron distribution. I t does not seem unlikely th a t there m ight be a small difference in the result as given by these two methods, especially w ith a triple bond, due to a small inward displacement of the average electron distribution. This effect, if appreciable, would tend to make the X -ray value for the distance somewhat smaller th a n the spectroscopic value.
The " single" bond distances of 1*40A, connecting the central carbon atoms to the benzene rings, can be compared w ith the corresponding dis tances in stilbene of 1-44-1-45 A. The presence of the triple bond apparently causes an extra contraction in the length of this link am ounting to between 0-04 and 0 0 5 A, a result which it is difficult to account for in term s of the usual resonance phenomenon in arom atic and conjugated systems. I t would appear rather to be due to a certain increase in the s character of the remaining orbits of the carbon atoms, after the form ation of the triple bond, the contraction being of approxim ately the same am ount as th a t found for the carbon-hydrogen distance in passing from m ethane (1-093 A) to acety lene (1-058 A) (Ginsburg and B arker 1935; Herzberg, P a ta t and Spinks 1934). F urther, in m ethyl acetylene the term inal carbon-carbon distance, adjacent to the triple bond, has recently been shown to have the abnormally small value of 1-46 A (Herzberg, P a ta t and Verleger 1937; Badger and Bauer 1937). The m atter is further discussed by Penney and K ynch (1938) . 
Structure factors and Fourier synthesis
The measured values of the structure factors for the (hOl) reflections and the phase constants (or signs) employed in the final Fourier synthesis are given in Table I . The absolute scale of these factors was obtained by corre lation with the stilbene and dibenzyl values. For the sake of brevity, the spacings of the planes and the calculated values of the structure factors, which determine the signs, are not listed. The latter may be obtained from the co-ordinates of the atoms given in Table II by the structure factors calculated in this way are in good agreement with the observed values. In addition to the structure factors listed in Table I , very weak reflections from seventeen other (hOl)planes were observed within the limits experiment (up to sin 6 = 0-87, A= 1-54), but these terms had to be om from the final Fourier synthesis because of doubtful sign. The (1001) term was also accidentally given the value -5 instead of the measured value -11. These omissions amount to only a very small fraction of the total values, and the Fourier series as it stands is quite reasonably convergent. This series was summed a t 900 points on the asymmetric unit, at intervals of 0-213 A along the a-axis and 0-261A along the c-axis, the contour maps being prepared from the summation totals by the usual methods.
In the other zones of the crystal, the reflections from the (020), (040), (024) and (032) planes are all much stronger than the corresponding stilbene values, the two latter being absent in stilbene. On the other hand, the (031) and (035) reflections are weaker in tolane than in stilbene. The values of the structure factors calculated from the final co-ordinates reflect these changes in every case. 
X-ray analysis of the dibenzyl series

Orientations of the molecules. Co-ordinates
The actual dimensions and orientations of the molecules were deduced from the contour maps in a very similar manner to th a t employed for stil bene, except th a t the linear structure of the tolane molecule simplifies the work. The symbols have the same meaning as in the stilbene paper (Robert son and Woodward 1937). We assume th a t th e benzene rings are regular plane hexagons w ith sides 1*39 A, and th a t th e points O, A, B, E ,which lie on a jection, are actually collinear. These assum ptions are verified by the struc ture factor calculations given above. Thus we take RDG = 2*78 A, and the angle between L and D Gt o be 60°. From these figures the tru e dimensions are easily obtained. For molecule 1 the triple bond distance A A ' is 1T8 A, and for molecule 2 it is 1-20 A. For both molecules th e length of A B is 1*40 A. Thus the dimensions of the two molecules are found to be the same wit hin the limits of error (about + 0-02 A) and so we take the model shown in fig. 4 to represent the final results. The co-ordinates of all the atoms in the asymmetric unit, referred to the crystal axes and the centre of molecule 1 as origin, are obtained from fig. 4 and the direction cosines given above. These are given in Table II, 
Inter molecular distances
The smallest intermolecular distances for the carbon atoms lie between 3-5 and 3*6 A, very similar to those of the stilbene structure. The nearest approaches which have been found occur between atom C of molecule 1 and G' (centro-symmetrical to G) of the reflected molecule at (f|0 ) where the distance is 3-53 A; between C of molecule 1 and E of molecule 2, 3-54 A; between B of molecule 1 and G' of the reflected molecule at (||0 ), 3*57 A; and between B of molecule 2 and G' of the reflected molecule 2 at ( | | | ) , 3-57 A.
In conclusion, we are indebted to Sir William Bragg and the Managers of the Royal Institution for laboratory facilities; to Dr J. W. H. Oldham and Professor L. Ruzicka for specimens of tolane; and to Dr A. Muller and Mr H. Smith for the use of a 5 kw X-ray generator.
Summary
The crystal dimensions of tolane are very similar to those of stilbene, and this fact has been used in making a very direct X-ray analysis of the tolane structure, without the use of any model based on the chemistry of the com pound. The two central atoms linked by the triple bond are found to be collinear with the end atoms of the benzene rings to which they are joined. The carbon-carbon triple bond distance is 1*19 A, and for the " single" bond connecting these central atoms to the benzene ring, the unusually small distance of 1*40 A is obtained. These results are discussed in relation to acetylene and other compounds.
As in the stilbene structure, there are four molecules in the unit cell, and two of these make independent contributions to the asymmetric unit of the crystal. The orientations of these two molecules are deduced, and the co-ordinates of the atoms are given. The minimum intermolecular approach distances are between 3-5 and 3-6 A for the carbon atoms. 
